Abstract -The synthesis and ligational properties of a series of large polyazacycloalkanes are reviewed. 13-klaneN (with k = 7,8,9,10,11,12) is the general formula which can be used to represent the macrocycles investigated. The general synthetic route followed to synthesize these macrocycles is reported. The basicity constants have been determined and discussed in term of charge repulsions and macrocyclic size. The marked tendency to form polynuclear complexes is demonstrated by the numerous and stable polynuclear metal complexes formed. In the case of the largest macrocycles (k = 11,12) stable trinuclear species ICu LI are formed. For each equilibrium many protonated and hydroxo species are present. For k = 8 and k = 10 good crystals of binuclear copper(I1) complexes were obtained and X-ray analyses carried out. The sgcond-sphere interaction 4-between the complex anions IFe(CN)6\ , ICO(CN)~/ and the polyprotonated (polycharged) form of the macrocycles have been studied by potentiometry and cyclic voltammetry. A 'supercomplex' was isolated and its structure solved by X-ray.
INTRODUCTION
Many publications on the coordination chemistry of synthetic macrocyclic compounds have been published in recent years (refs. 1-4) . Among polyazacycloalkanes the tetraazacycloalkanes are by far the most studied (refs, 5-14) . Much less has been instead reported about large polyazacycloalkanes having more than six nitrogen donor atoms (refs. 15-16) . 
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The possibility for these synthetic macrocycles to bind more than one metal ion in the cyclic framework and the recent development of the anion coordination chemistry (refs. 17-18) have made the investigation of large polyazamacrocycles interesting. We have studied a series of large polyazacycloalkanes having the general formula 13-klaneN (with k = 7, 8, 9, 10, 11, 12) . In this series all donor atoms, which are secondary nitrogens, are separated by an ethylenic chain. In Fig. 1 the large polyazacycloalkanes studied and their abbreviations, hereafter used, have been reported. k
SYNTHESIS
The synthetic procedure followed for the preparation of each polyazacycloalkane was modeled on the general procedure described by Atkins (ref. 1 5 ) for this kind of compounds. It is described in Fig. 2 . In this reaction sequence key steps are the elongation of the linear polyamines by ethylene carbonate as well as the cyclization reaction. The overall yield is strongly reduced as the size of the macrocycle increases. The removal of tosyl groups, done with concentrated sulfuric acid, works well in all cases. The final macrocyclic compounds are purified as hydrochloride salts and characterized by standard techniques.
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EQUILIBRIUM STUDIES
The stepwise protonation constants for the macrocycles investigated have been determined at 25 O C by potentiometry. The basicity constants for the 13.klaneN series are given in Table 1 and the overall basicity constants are plotted in Fig. 3a . The results clearly show that each large azamacrocycle behaves as a relatively strong base in the first half of its protonation steps and as a weaker base in the second half. This grouping of the basicity constants is always present in polyazamacrocycloalkanes (refs. 12,19,20) . This behavior has been ascribed to the electrostatic repulsions among the positive charges on the protonated cyclic polyamines. This grouping phenomenon is, as expected, much more marked for smaller macrocycles. For large azamacrocycles, the charges that accumulate in the macrocyclic framework as the degree of protonation increases experience smaller repulsions than in the case of the smaller macrocycles (refs. [21] [22] [23] [24] [25] . The polybasic nature and the cyclic architecture enable large polyazacycloalkanes to form many highly, positively charged (protonated) species in the neutral pH region. As an example in Fig. These species, strongly interacting with anions, are used for anion coordination studies (refs. 26-28) . Another intriguing feature of large polyazacycloalkanes is their ability to form polynuclear metal complexes. In Table 2 the formation constants of the species formed between copper(I1) and large polyazacycloalkanes have been listed. With the only exception of the smallest macrocycle of the series, L7, which forms also a mononuclear complex
ICuL71
(ref. 22) all the other macrocycles form polynuclear copper(I1) complexes. In particular (see Table 2 ) the largest macrocycles L11 and L12 form both binuclear and trinuclear species (ref. 25) . The stability of the binuclear ICu2LI species is invariably high, demonstrating the tendency of this macrocyclic series to bind more than k 3b the distribution diagram for the system HC/LIO has been reported. ------
-- . These values demonstrate that the formation of these complexes is strongly exothermic and indicate a trend for the formation reaction enthalpies of the binuclear species, which are more exothermic as the overall, size of the macrocycle increases. Two main effects can be invoked to explain this trend: i) increase in the number of donor atoms involved in the coordination to the metal ions; ii) increase in ligand flexibility and decrease of the electrostatic repulsions between the metal ions coordinated to the larger macrocycles. A trend similar to that of the formation enthalpies is found for the stability constants. The binuclear species ICu LI become more stable as the size of the macrocycle increases. The only exception is provide by the values of the 4+ equilibrium formation constant of ICu L81 which are slightly larger than those of ICu L91 . This result can be explained Zaking into account that the equilibrium constants for the copper(II)/LB system have been determined at higher ionic strength (0.5 mol dm ) than those of all other systems (0.15 mol dm ) . Such experimental evidence allow us to conclude that for the four macrocycles L7, L8, L9, and L10 all of the nitrogen donor atoms ---- Table 2 ). The high stability of ICu L121 and the small equilibrium constant relative to the addition of one hydrogen ion inaicate that all twelve donor atoms are involved in the formation of this species (ref. 25 ).
Due to the abundance of donor atoms present in these large macrocycles many protonated species are present at each equilibrium. As expected the larger macrocycles L11 and L12 form more protonated species than the other macrocycles of the series. Polynuclear hydroxo complexes are other interesting species formed by all macrocycles of the series. It is worth noting that in the formation equilibria of mononuclear complexes between copper(I1) ion and polyazacycloalkanes the formation of hydroxo species is rare (refs. 14,19) . In our case, instead, the hydroxo species are numerous and are all very stable. In the case of (Cu (L8)OHI3+ it has been demonstrated that the magnetic susceptibility, measured in solution by the Evans method, lowers significantly on increasing the pH and the hydroxo species concentration (ref. 21 ). This experimental evidence supports the hypothesis that this species has the hydroxide ion bridging the two copper(I1) ions with the consequent increasing of the metal-metal interactions.
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Cyclic voltammetric studies carried out on aqueous solutions of (Cu L71 and ICu2L8/ complexes (refs. [21] [22] show a current/potential profile with two consecutive peaks in reduction, followed, in the reverse scan, by two oxidation peaks (see Fig. 4 ). These results indicate that both complexes undergo reversible reductions into the binuclear copper(1) species by two independent monoelectronic steps. The reduced species are unstable with respect to the demetalation and reduction to metal. Recent equilibrium studies have demonstrated that also zinc(I1) forms binuclear complexes with L9, L10 and L11 (ref. 29) . In Table 3 the logarithms of the formation constants of polynuclear zinc(I1) complexes with the latter macrocycles have been reported.
Although zinc(I1) rarely forms binuclear complexes in aqueous media with synthetic ligands the large macrocycles so far investigated L9, L10 and L11 form stable binuclear zinc complexes. An X-ray investigation still in progress has shown the presence of binuclear zinc(I1) cations in crystals of Zn LlOSCN(C10 ) (ref. 28) . No mononuclear species are formed and the high stability of the IZn L( species indicate a strong overall interaction between the two zinc(I1) ions and the nitrogen donor atoms. a Charges omitted for clarity.
STRUCTURAL ASPECTS
Among the 13-klaneN series and in spite of the great efforts in order to obtain crystals of polynuclear copper(I1) complexes suitable for X-ray analysis, only in the case of L8 and L10 the isolation of good crystals was possible. In Fig. 5 and Fig. 6 the structures of the cations in ICu2(L8)Cl21(C1O )
The crystal structure of (Cu (L8)Cl I(C10 ) (ref. 21 ) consists of centrosymmetric cu L8 units, connected by Each copper atom is coordinated by four nitrogen atoms of the macrocycle and one chloride ion, forming a distorted square pyramid (see Fig. 5 ). disordered perchlorate anionsf and water molecules bridging the complex cations in the crystal lattice by hydrogen bonds. In the binuclear unit each copper atom is coordinated by four nitrogen atoms of the macrocyclic ligand and by one chloride ion forming a slightly distorted square pyramid (see Fig. 6 a) . One of the two uncoordinated nitrogen atoms is protonated. The site of protonation must be on N(1) or N(1') but since these are crystallographically equivalent due to the presence of the twofold axis, the proton is statistically distributed between them. The distance of 3 The macrocycle has a saddle-shaped configuration, the two least squares planes through the coordinating nitrogens form an angle of 83.8O.
As in the (Cu (L8)Cl I(C10 ) compound all the five 
ANION COORDINATION
Because of the many basic centres, large polyazamacrocycles are able to form polyprotonated, highly charged, species in the neutral pH region. The cyclic nature of these compounds further concentrates the positive charge, making these species strongly interacting with anions. The anions we have so far investigated, hexacyanoferrate(I1) and hexacyanocobaltate(II1) (refs. 26-28) , are complexes. The binding of these metal complexes by highly charged macrocycles has led to the coinage of the expression 'supercomplexes'. The systems anionic species/protonated macrocycle have been studied by potentiometry. In the case of hexacyanoferrate(I1) the cyclic voltammetry was also used to obtain electrochemical independent results, comparable with those obtained from potentiometry. In Table 3 the species formed and the relative formation constants are listed. Many species are formed, all with 1:l stoichiometry. In order to form a 'supercomplexed' species, the macrocycle has to be at least tetracharged (see Table 4 ). For the same macrocycle the stability of the supercomplex increases a s the macrocycle becomes more protonated (charged). Furthermore the EX for the couple (Fe(CN) I / IFe(CN) I in the complexed species increases step by step (Fig. TRese results have been interpreted by assuming that the most important role in supercomplex formation is played by the coulombic forces, though other effects, such as hydrogen bonding and macrocycle configuration should be important and may give significant contributions to the overall stability of the supercomplexed species. Another important observation which can be made is the absence of any selectivity. Recently we have measured (ref. 30) the thermodynamic parameters AGO, AHO and TASO for the supercomplex formation reactions between lFe(CN) I and the tetra-protonated tetraaza macrocycle 1,6,11,16-tetraazacycloeicosane. These results indicate that the overall stability of the supercomplexed species is due both to favorable enthalpic and entropic terms. Assuming that the anion complexing unit of these macrocycles consists of several positively charged binding sites arranged around the cavity defined by the molecular shape, a good question could be whether the anionic species goes inside the macrocyclic cavity or not. For the large macrocycle L10 the crystal structure of the supercomplex H8L10 1 GO( CN) 1 2C12* 10H20 was resolved by X-ray analysis (ref. 27 ) (see Fig. 8 ) .
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, ICO(CN)~ I 6 3-The structure consists of IH LlOl cations, ICO(CN)~~ , chloride anions and water molecules. The protonated macrocyclic ring shows an elongated elliptical shape. Its conformation is imposed by the strong electrostatic repulsions between positively charged nitrogen atoms. The crystal structure of this supercomplex proves that the anionic species does not go inside the cavity; the rigid conformation is determined by electrostatic repulsions and very likely maintained in solution; coulombic interactions and hydrogen bonds between cationic and anionic species contribute very much to the stability of the supercomplexed species. 
